A bstract. Concentrated whole extracts of the immature fruit of carob and 3 fractions derived from this extract have been shown to inhibit the gibberellic acid induced growth of pea seedlings. The inhibition can be completely reversed by increasing the amount of gibberellic acid. The inhibitors do not reduce the endogenous growth of seedlings but only that induced by gibberellic acid. One of the fractions is a newly separated one not previously reported.
Extracts fromii iimmature fruit of carob are known to reduce the effect of gibberellic acid on shoot growth of peas, beans, and maize seedlings (3) . Recently it has been shown that these extracts also reduce the amount of a-amylase in the culture medium of endosperm halves of barley seed which have been treated with gibberellic acid (2) .
The extracts can be separated into 3 organic inhibitorv fractions (3) . These inhibitors are extractable to various degrees into diethyl ether from aqueous solutions at acid pH values indicating they mav be weak acids. The present studv investigates the inhibitorv relationship between gibberellic acid and 2 of the organic fractions of the carob extract. In addition, a new inhibitory fraction has been detected, and it is also tested for its interaction with gibberellic acid. It will be shown that in each case the inhibition can be overcome by adding additional gibberellic acid.
Materials and Methods
Extraction of Carob. Extracts were obtained and purified as described previously (2) . The crude extract before charcoal adsorption is called the whole extract and the specific fractions are derived from it. Three organic inhibitory fractions, A, B, and C, can be separated by charcoal adsorption and differential extraction from aqueous solutions into ether.
Inihibitors B and C are adsorbed bv activated charcoal and can thus be removed from A which is not adsorbed. Inhibitor C vill pass into ethyl ether froml aquieous solution at pH 5 while inhibitor B is not removed.
Bioassay. Two species of plants were used for bioassay; peas, Pisumt sativitn L., and maize, Zea mays L. Seeds of maize were soaked overnight in tap water before planting. Peas were treated with 28.6 % hvdroxvmercurichlorophenol (Semesan) to control seedling wilt and planted without soaking. All seeds were planted in greenhouse flats containing a 1:1 mixtture of soil and vermiculite. The flats were placed in a seedling bench next to a window and the temperature maintained at 22 ± 20. Treatments w,ere repliated on 10 plants. Measurements were taken to the nearest mm, and an average was determined for each set of plants. Net responses were obtained by subtracting the average of the nontreated conitrol plants from the average of the treated plants.
Peas. The 2 cultivars of peas used were Little
Marvel, which has a dwarf habit of growth, and Alaska, which grows tall. The seedlings were treated 6 to 7 days after the seeds were planted. At this time the first leaf infolded the growing point at the apex of the plant and the shoot length was 15 to 20 mm. The test solution (0.01 ml) was introduced onto the apical region with a 0.010 ml pipet. Measurements were obtained for the shoot length from the point of insertion of the lowest stem bract to the epicotyl 5 to 7 days after treatment. Maize. Seedlings of the dwrarf mutants, dwarf-I (d1), dwarf-5 (d5) or of the normal phenotype were used. The mutants are simple recessives and nonallelic to each other. The uise and evaluation of the assay have been discussed (10, 12) and in general it was used as originally described (13) . Seedlings vere treated t) to 7 days after the seeds were planted wvhen the first leaf wvas just unfolding to form a cup-shaped enclosure. The test solution (0.1 ml) wvas dropped onto the surface of the unfolding first leaf from a 0.5 ml hypodermic syringe. Measurements were taken 5 to 7 days after treatment of the first leaf sheaths from the coleoptilar node to the point of insertion of the ligule. PLANT 
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Results
Resolution of Fractiont B into Two Inhibitory
Comizponents. An Gibberellic acid was applied in doses ranging from those giving a low response to doses exceeding saturation. The gibberellin was applied either alone or mixed with an inhibitor. These tests were repeated 2 or more times and gave similar results. Figure 2 shows the results of such treatments using the whole extract as the inhibitor. Dry weights were determined for the whole extract, inhibitor B, and inhibitor C. An aliquot of 0.5 or 1 ml was dried in a desiccator over CaCO,. Table III gives the dry weights and the lowest amount of dry and fresh weight necessary to inhibit the gibberellic acid induced response by 50 %. The whole extract contains large amounts of sugar which contribute to the weight. The C fraction is the most purified as is evident by its appearance and low weight. However, it is not a completely pure fraction and may contain more than 1 inhibitorv substance as well as inactive materials. The weight ratio of fraction C to gibberellic acid at a level sufficient to reduce the gibberellin induced growth by 50 % is 17:1. 
CORCORAN AND XVEST-INHIBITORS FROM CAROB Discussion
Since gibberellic acid at high concentrations completely overcomes the inhibitorv effect of each fraction tested in the induced growtlh of pea shoots, the gibberellic acid may be acting in a competitive manner with the carob inhibitors. The lack of effect on the endogenotus growth of the plant by the inhibitors indicates the pea seedling assay is measuring the interaction of the inhibitor and the added gibberellin. This is not necessarilv to imply a direct reactioni between the inhibitor and gibberellic acid. There are several possibilities including A) interference with the availability of the added gibberellic acid, B) competition with gibberellic acid for a binding site or, C) interaction with a subsequent gibberellic acid product or complex. Lockhart (9) has pointed out that these 3 kinds of inhibition cannot be distinguished bv substrate dose-response curves. All 3 mechanisms give curves which are sufficiently similar as to be experimentallv indistinguishable.
It does not seem likely that the carob inhibitors act to block gibberellin synthesis as do the growth retardants Amo 1618 and CCC. These retardants have been shown to interfere with gibberellin biosynithesis in Futsariurm moniliforme (7, 11) , developing seeds of Pisum sativutm (1) , and in endospermnucellus from Echinocystis macrocarpa (6) . The carob inhibitors cannot be acting in this manner in the pea seedling assav, since they have no effect on grovth when applied without gibberellic acid. In this test, they act only on the growth induced by externallv applied gibberellin and not on growth dependent on gibberellin synthesis.
The inhibitors could interfere with gibberellin availabilitv by acting as nonspecific blocking agents to prevent the entry of anv substance applied to the leaf. This possibility seems unlikely, at least in the case of inhibitor C, because the dry weight of inhibitor necessarv to inactivate gibberellic acid is low. A weight ratio of 17 :1 of inhibitor C to gibberellic acid is sufficient for inhibition at the 50) % level. Inhibitor C is still impure and the actual ratio is undoubtedly somewhat lower. Such a low amount probably could not aict as a nonspecific surface block.
There have been a few other reports of gibberellic acid appearing to cotunteract the effect of native inhibitors from flowering plants (4, 8) . Wareing's group has reported (4) interaction betwreen gibberellic acid and dormin (abscisic acid), the inhibitor from sycamore (15) . 4vena coleoptile sections wvere supplied with IAA and the inhibitor. The growth was reduced over that induced by the IAA alone and could be restored by adding gibberellic acid. The coleoptiles became gibberellin requiring in the presence of the inhibitor, although gibberellic acid alone had no effect on them. The same paper also reports that increasing amounts of gibberellin wvotuld almost completely overcome the growth reduiction caused by dormiiin in a leaf sectioni test of normal mnaize. There was no evidence given indicating steady state conditionis in either of these tests. Prior reports by the same group indicated the inhibitor action was not reversed by gibberellic acid in tissue ctultures of sycamore cambial tissue (15) or in lettuce hypocotyl assay (14) .
Dormiiin show\s an interesting similarity to inhibitor C from carob in a-amvlase induction. It reduces the amount of redutcinig sugar fotund in the incubation mliedium of barlev seeds (15) and inhibitor C reduces the amount of a-anlylase found in the mediumiii in a similar test (2) . These inhibitors differ in solubilitv properties as has been discussed previously (2) . 864 PLANT IIIVSIoLo(;Y of carob fruit to 4. Gibberellic acid lhas been shown to interact with the 3 fractions tested in the iea seedling assay. As yet no definite mechanism of aiction can be suggested but these inhibitors all seem to (liffer fromii those reported 1w Kohler and Lang (8) and bxh (ornforth et a!. 4).
